Abstract
Background
There are 21 species of hill partridges (i.e., genus Arborophila) in the family Phasianidae of the order Galliformes (McGowan 1994) , and most of them are listed as endangered in the IUCN Red List (IUCN 2017). Generally, these partridge species are poorly studied, especially in terms of behaviour and breeding biology (Madge and McGowan 2002) . Hainan Partridge (Arborophila ardens) is endemic to Hainan Island, China, and was listed as vulnerable (VU) because its population number is steadily declining due to illegal hunting and habitat loss (Collar et al. 2001; BirdLife International 2010; Liang et al. 2013; IUCN 2017) . Recent studies suggested that its current distribution on Hainan Island was its in situ refuge (Chang et al. 2012) , and the ancestor of the endemic Hainan Partridge likely originated from Indochina (Chen et al. 2015) . However, no information so far has been reported on the breeding biology of Hainan Partridge.
Open Access
Avian Research Here for the first time we report on breeding biology of Hainan Partridges by providing information on its nest site, nest, eggs, and reproductive behavior. We discussed the results and proposed implication for conservation according to its nest characteristics and novel recruitment behavior.
Methods

Study area and study species
This study was conducted in Yinggeling National Nature Reserve (18°49′-19°08′N, 109°11′-109°34′E; 50,464 ha), Bawangling National Nature Reserve (18°53′-19°20′N, 108°53′-109°12′E; 69,540 ha) and Jianfengling National Nature Reserve (18°23′-18°52′N, 108°36′-109°02′E; 60,000 ha) on Hainan island, southern China, during the breeding season February-May, 2010-2012. These three study sites constitute the major tropical primary rainforest zone on Hainan island and include the largest continuous tract of this forest type in southern China (Yang et al. , 2011 . The Hainan Partridge occurs only in tropical evergreen broadleaf forests and in mixed coniferbroadleaf forests at altitudes of 600-1600 m (Gao 1998) . The area of natural forest in Hainan decreased dramatically from 17,000 km 2 in the 1940s to < 3000 km 2 in the 1990s as a result of overexploitation and unrestricted logging, and expansion of farmlands and oak forest (McGowan et al. 1995) . Because of decreases in natural forest area and habitat fragmentation, the population of the Hainan Partridge is decreasing, and the population was estimated at 3900-5200 birds (Baillie et al. 2004 ).
Radio tracking and nest searching
We trapped wild Hainan Partridge using custom-built traps which came from the Miao people in China and were modified to capture gamebirds by their legs without harming them (Liang et al. 2003) . We outfitted birds with backpack-style transmitters (6.0 g) equipped with activity switches (Holohil Systems Ltd., Canada). We monitored the birds with a radio receiver (TRX-1000S, Wildlife Materials Inc., Murphysboro, IL, USA) and a three-element directional antenna. Nests of Hainan Partridge were found by monitoring the radio-tracked individuals. Video recorders were set up to monitor the reproductive behaviour of Hainan Partridges when nests were found. Egg mass and size were measured using electronic scale (accurate to 0.01 g) and vernier calliper (accurate to 0.01 mm), respectively, while nest size was measured using a tape (accurate to 0.1 cm). Values were given as mean ± SD. Sample size varied because some nestlings fledged before we found and thus egg size was absent. Furthermore, for some nests that were obviously out of shape due to predation or destruction, nest size was not measured.
Results
Totally five active nests of Hainan Partridge were found in this study. The nests were built on the ground within a stem base of tree (n = 3) or near shrub or liana (n = 2), all nests were placed in a bowl lined with dead leaves and feathers and totally covered by dry leaves and small branches forming an arch ( Fig. 1; Table 1 ). Therefore, no nest entrance can be identified from outside the nests because of the cover by leaves and branches and the novel recruitment behaviour of parent birds (see below). The nest and cup diameters were 14.8 ± 14.0 and 9.0 ± 5.7 cm, respectively, with a cup depth of 17.4 ± 4.0 cm (n = 3) ( Table 2 ). Clutch size was 3.2 ± 0.8 (n = 5) and the eggs were immaculate white (13.46 ± 0.60 g, n = 4) with length and width of 35.82 ± 1.43 and 27.62 ± 0.96 mm, respectively (Table 3) . Furthermore, a novel and regular behaviour was found in Hainan Partridges when they grasped leaves and small branches and threw them on their nests for cover ( Fig. 2 ; Additional file 1: Video S1) before they left nests, or after they came back to nests, or during incubation. In some cases, they also threw leaves and branches around their nests. Moreover, this behaviour was also observed before the chicks left with parents after hatched (Additional file 2: Video S2). Partridge chicks succeeded to fledge in two out of five nests (Table 1) , with a reproductive success of 40% (n = 5). Among them, one nest was destroyed by local people (egg collection), one deserted after being found, and one depredated by an unknown predator (egg lost) (Table 1) .
Discussion
Nests and recruitment behaviour as an adaptation to high risk of predation
Unlike many other Galliforms species (e.g. pheasants) that built exposed ground nests, the nests of Hainan Partridge were situated on the ground with very high concealment. Firstly, small braches and leaves were used to build arches that totally covered the nests. Therefore, the nest entrance was hardly visible and the eggs and birds could not be identified by looking from the outside. This was much different from other reported partridge nests. For example, Sichuan Partridges (Arborophila rufipectus) tend to nest near forest trails and build domed and partially enclosed nests with a 6-8 cm × 8-10 cm entrance (Ji et al. 2007; Fu et al. 2017) . In northeastern Thailand, all nests of the Green-legged Partridge (Tropicoperdix chloropus) were placed on the ground between the buttresses of a large tree (DBH range from 27.1 to 109.9 cm) in a shallow bowl lined with dead leaves and feathers, and all were on the side of the tree facing downhill away from the nest tree (Ong-in et al. 2016 ). Secondly and interestingly, the partridges regularly grasped leaves and small branches and then put them on their nests. To the best of our knowledge, this novel behaviour was never reported for any birds, and may aim to supplement nest arch materials to nests and cover the nest entrance and thus maintain the nest concealment. Additionally, Hainan Partridges also threw leaves and branches around their nests or even before the chicks left after hatching. Therefore, this behavior may also contribute to concealment of tracks near nests, which could expose their activities and clues for potential predators. An alternative explanation for such behaviour may be maintenance of heat for eggs, although this needs further investigation. In any case, nest characteristics and novel recruitment behaviour by Hainan Partridges provided optimal concealment to hide their eggs and should be regarded as a specific strategy to reduce nest predation. A recent study using infrared camera recording in the same area (Jianfengling) showed that aerial predators were the main cause of ground nest failure, including Greater Necklaced Laughingthrush (Garrulax pectoralis) and Indochinese Green Magpie (Cissa hypoleuca) . This may also imply that Hainan Partridges have evolved such a novel reproductive behaviour under strong selection by aerial and hunting predation pressure in local tropical forests (Liang et al. 2013; Wang et al. 2016; Yang et al. 2016) .
Implication for conservation
Under strong selection from predation, Hainan Partridges were only found to live and reproduce in natural forest Yang et al. 2009 ) with dense trees and fallen leaves. However, the area of natural forests in Hainan decreased dramatically from 17,000 km 2 in the 1940s to less than 3000 km 2 in the 1990s as a result of overexploitation and unrestricted logging, and expansion of farmlands and oak forest (McGowan et al. 1995) . Compared with degraded or fragmented habitats, natural forest may provide suitable cavity structure, numerous dry leaves and branches for nest building. According to our results, we propose the following suggestions for conservation of the Hainan Partridge. Because Hainan Partridges build nests with arches made of small branches and leaves, provisioning of supplemental nest materials or setting man-made arches at the sites preferred by partridges may improve their suitability as nest sites for nest building and subsequently benefit their reproduction. This could potentially contribute to increasing the reproductive success of Hainan Partridges.
Conclusions
Here for the first time we provided information on breeding biology of the Hainan Partridge by reporting its nest site, nest, eggs, and reproductive behaviour. A novel and regular behaviour was found in Hainan Partridges that grasped leaves and small branches followed by throwing them on or around their nests for cover during incubation and after hatching. Such behaviour may aim to supplement nest arch material to their nests and cover the nest entrance and thus maintain or increase nest concealment, and also contribute to concealment of the track which could expose their activities and clues for predators. Our finding implies that Hainan Partridge has evolved such novel reproductive behaviour under the strong selection of predation. Due to habitat fragmentation and habitat loss, we suggest that setting up 
